Pleural infection is a frequent clinical condition. Prompt treatment has been shown to reduce morbidity, mortality and duration of hospital stay. Unfortunately, advanced stages of empyema need to use extensive surgery -decortications or thoracoplasty. Early recognition of the parapneumonic effusion and the adequate treatment with thoracentesis or pleural drainage, which is minimally invasive, is possible not to prograde the process and not to become empyema. aim: To analyze the results of the surgical treatment in patients with empyema treated at Clinic for thoracic surgery.
SUrGicaL treatMent of PLeUraL eMPyeMa -oUr reSULtS introdUction
The older population very often has comorbidities (heart disease, liver disease, renal disease), and the large number of patients with immunocompromised condition (alcohol use, drug abuse, HIV infection) and with frequent lung infection results in frequent affection of the pleura, which results in appearing of the pleural infection that in the end ends with pleural empyema. The per- sistence of empyema after pneumonia results in big rate of mortality (5-20%) . [1] [2] [3] [4] Unfortunately, the advanced stages of empyema need to use extensive surgery-decortications or thoracoplasty. The prompt treatment, as early as possible, has been shown to reduce morbidity, mortality and the duration of hospital stay.
With the early recognition of the parapneumonic effusion and the adequate treatment with thoracentesis or the pleural drainage, which is minimally invasive, it is possible to prevent progression of the process and not to become empyema. [5, 6, 7, 8] The aim of this study was to analyze the results of the surgical treatment in patients with empyema treated at the Clinic for Thoracic Surgery. The analysis of the results of the surgically treated patients will give recommendations for the treatment of the parapneumonic effusion and the empyema -complications of pneumonia.
MateriaL and MetHodS
In the retrospective study we analyzed 234 patients with empyema which were treated at the Clinic for thoracic surgery in 5 year period (2011) (2012) (2013) (2014) (2015) . The mean age of the patients was 51.94 years. They were treated with pleural drainage, decortication or thoracoplasty.
The diagnosis of the empyema was made with X-ray of the chest, ultrasound of the pleura and thoracentesis of the pleural effusion. Initial lung X-rays were taken for all patients at the Institute of Radiology, Medical Faculty in Skopje. The pleural fluid obtained with the thoracentesis has been sent for a series of biochemical, cytological, histopathological and microbiological tests for determination of the nature of the effusion. The analysis of the pleural fluid was made at the Clinical Biochemical Laboratory (Medical Faculty Skopje), at the Institute for Microbiology (Medical Faculty Skopje) and the cytological examination of the pleural fluid at the Institute of Cytopathology at the Clinic for Oncology. For the patients planed for surgical treatment in general anesthesia a computer tomography of the chest at the Institute for radiology was done, a complete blood biochemical laboratory analysis at the Clinical Biochemical Laboratory, ultrasonography of the heart at the Clinic for Cardiology, respiratory test at the Clinic for Pulmonology, and an analysis of the blood for coagulations and fibrinolysis factors at the Institute of Transfusion Medicine, Faculty of Medicine in Skopje.
The surgical treatment of the empyema was performed with pleural drainage, decortication or thoracoplasty.
Pleural drainage was done in local anesthesia, and a wide thoracic drain was placed where the thorax was previously marked under the ultrasonography.
The decortication was done in general anesthesia with posterolateral thoracotomy. After the thoracotomy, the thickened parietal and visceral pleura were removed, by removing numerous trapped spaces filled with fluid or pus, and released trapped lung.
The thoracoplasty was done in general anesthesia, where 2 to 7 ribs were removed, in order to descend down the chest muscles and to obliterate the underling space, up to lung.
The end point of the surgical treatment (successful treatment) of the pleural empyema is: evacuation of the pus, enabling of re-expansion of the lung, obliteration of the dead space (if persists) and removing of the thickened pleura, especially the trapped lung (if persists).
The histological examination of the pleural fluid and the material removed from the surgical intervention were examined at the Institute for pathology (Medical faculty Skopje).
reSULtS
We analyzed the results of 5 years (2011) (2012) (2013) (2014) (2015) in the period of which 234 patients with pleural empyema were treated, of which 165 (70.51%) were treated with pleural drainage, 108 (46.15%) were treated with decortications and 5 (2.14%) with thoracoplasty. The results of the surgical treatment in the patients with empyema are shown in Graph 1 and Table 1 .
The mean age of the total 234 patients with empyema was 51.94 years, in the group with pleural drainage the mean age was 49.2 years, in the group with decortications 54.9 years and in the group with thoracoplasty 58.5 years. (Table 2) The mean hospitalization of the patients was 17.4 days, of which 13.4 days after surgery. The mean hospitalization before and after surgery in all groups of patients is presented in Table 3 .
In the group with primary drainage lethal outcome was detected in 7 (5.6%) patients, 5 (4.7%) in the group with decortications and 2 (40%) in the group with thoracoplasty. (Table 4) In the group with pleural drainage there were not patients only in the exudative phase of empyema. The mean age was 49.2 years, but with bigger deviation than in the age in the whole group. In this group the mean hospitalization was shorter, 11.4 days. In this group there were also older patients in bad condition, where it was impossible to plan serious surgical intervention. This is the reason why so many lethal outcomes were detected in this group, in 7 (5.6%). Unfortunately, in 41/165 (24.85%) patients the treatment with pleural drainage was insufficient, and further surgical treatment was necessary -thoracotomy with decortication. In the group with decortications patients in fibrin purulent phase of empyema were treated. These patients were prepared before the surgery with reanimation, which continues after surgery. The mean hospitalization of those patients was 23.3 days. The lethal outcome was detected in 5 (4.7%). In this group were detected many early and late morbidities: infection of the wound in 16 (14.8%), pleural encapsulates in 42 (38.9%), not complete re-expansion of the lung in 18 (16.7%), atelectasis in 16 (14.8%), febrile conditions in 25 (23.1%), pleurocutaneous fistulas in 2 (1.8%). Many of the complications were treated conservatively with introducing another antibiotic according to antibiogram, placing another pleural drain, thoracentesis, physical respiratory therapy, bronchoscopy with broncholavage. In 11 patients mechanical ventilation was used 2-11 days after surgery. In 3 (2.8%) patients, according to the complications indicated afterwards, thoracoplasty was done. Unfortunately, in the pathohistological examination of this group fibrinopurulent stage was found in all, in 29 (26.85%) in the initial phase in organization of the peel, and in 5 an underlying malignant disease of the lung.
In the group with thoracoplasty, there were only 5 (2.4 %) patients, in bad condition, in the chronic phase of empyema where is impossible to perform decortication. Unfortunately, in 2 (40%) patients underlying malignant disease was found. Lethal outcome was detected in 2 (40%) patients.
diScUSSion
In order to understand the treatment of pleural empyema it is necessary to understand the pathophysiology of the genesis of empyema. Pneumonia, which is the most frequent reason for empyema, is caused with the inflammatory reaction of both pleural leaves. This is the reason for uncomplicated parapneumonic effusion. The invasion of the bacteria in the fluid and the phagocyte from the host, causes changes in fluid, transformation of the glucose in lactic acid, with changes in the levels of glucose (decrease), reducing the pH values, and the liquid becomes turbid. This is the exudative phase of empyema, and lasts 7 to 14 days. After that the fibrin from the effusion, deposits on the parietal and visceral leaves, and the fluid becomes more turbid and becomes pus. This is the fibrin purulent phase which lasts 2-4 weeks. In the end, in the organization phase the fibroblast becomes between the fibrin deposits and transform in fibrosis, which is thicker and adherent to the pleural leaflets. Also, compartments in the fluid were formed, which is more and more turbid-pus. The thickening of the peel to the pleural leaflets becomes more than 1 centimeter, it is hard, and also involves with the vessels from the lungs. If you try to move up this deposit you will damage the lung parenchyma. [5, 6, 9] These changes of the pleura were classified by Light (2006) and also by the American Thoracic Surgery in 1962 in three phases (acute, fibrinopurulent and chronic). [5, 6] The surgical treatment of the pleural empyema largely depends on the stage of the disease.
The acute exudative phase is possible to treat with thoracic drainage combined or not with fibrinolytic therapy to resolve the problem. We prefer to start treatment with pleural drainage, especially if we know that many of the patients come as urgent. This is reason why from 234 patients, 165 (70.51%) start with the pleural drainage. But only patients which were in the acute exudative phase have had chance for successful treatment, and in our series the successful finis was only in 124 (75%). Nevertheless, in the other patients decortication was made, and after that other examinations were done (microbiology, cytology of the fluid), ultrasonography of the chest and CT of the thorax. In this group, there were mixed patients by age, general conditions and comorbidities. The mean age was 49.2 years, which is less than in the other groups. The mean hospitalization was shorter, 11.4 days. In this group there were also older patients in bad condition, with many comorbidities, which is the reason why so many lethal outcomes were detected in this group, in 7 (5.6%), which corresponded with the literature. [8] We didn't use fibrinolytic therapy, which corresponded with few papers. [4, 11] In the fibrinopurulent phase it is necessary to think about decortication which can be done with classical thoracotomy or with videothoracoscopy (VATS). The use of VATS is necessary to be as early as possible in the fibrinopurulent phase where only thin deposits of fibrin persist. The mean hos-pitalization of those patients was 23.3 days, which is longer than in the first group, but these were respectively according to the surgical treatment, which is very often complicated with early and late morbidities. Lethal outcome was detected in 5 (4.7%). Knowing that this were septic patents, with many comorbidities, these results are acceptable, which is according to the literature. [2, 10] It is maybe more reasonable before starting any surgical treatment to do a complete examination, ultrasonography of the chest, complete analysis of the pleural fluid, CT of the chest, examination of the lung reserves (spirometry, bronchoscopy), examination of the heart reserves (ultrasonography) and to plan the further treatment. If we find thickened deposits of parietal and especially visceral pleura, which trap the lung, and if there were multiloculations maybe it is better to plan the decortication from the beginning. Few papers refer better early and late results if the fibrinopurulent stage is treated with decortication, compared with the pleural drainage. [10, 12, 13] If we find early signs of fibrinopurulent phase it can be treated with VATS decortication, and to release the trapped lung. With this procedure it is possible minimally invasive to remove the fibrin deposits to the pleural leaflets. [10, 11] This is important not to lose time, and as fast as possible to make ultrasonography of the chest and CT of the chest.
The fibrosing of the peel and the involvement with the vessels, make decortication impossible, the lung remains collapsed and trapped, so in this situation it needs to plan some kind of thoracoplasty to close the dead space or to make partial resection of the rib and to make open window for continuous drainage of the pus. With thoracoplasty there were only 5 (2.14 %) patients in bad condition, in the chronic phase of empyema when it is impossible to make decortication. Lethal outcome was detected in 2 (40%) patients.
Knowing the pathogenesis of the development of pleural empyema, especially the short time between the different phases of empyema, it is very important immediately to make adequate diagnosis using ultrasound of the pleura, CT of the chest, biochemical analyses of the effusion, microbiology of the effusion. After that immediately to determine the stage (phase) to decide the therapeutic and surgical approach. [7, 8, 9] Very practical are the suggestions of Hamm who suggest if the liquid is not clear or purulent, and if on ultrasonography there is no loculation, to perform pleural drainage; if is loculated to try with fibrinolytics 24-48 hours with pleural drainage, or to try early decortication with VATS. If there isn't success with VATS than open thoracotomy and decortication are necessary. [13] The main problem in our group is the delay in diagnosis and the beginning with the treatment, which is the reason for such a big number of decortications of 108 (46.15%). Mainly, patients come in fibrinopurulent stage of empyema, many with initial process of organization and at some patients in the chronic stage of empyema. In this stage we can plan only open thoracotomy and decortication, which is big and mutilant surgical intervention.
If general doctors know that 50% of patients with pneumonia will produce pleural effusion (parapneumonic effusion) (Light 2,3), which compromises the further treatment, the pleura needs to be controlled with ultrasound examination of the pleura, and when this exudates appears to start the aggressive treatment, thoracentesis. With this approach it is possible to prevent the further progress of the illness and the further progress of the parapneumonic effusion to pleural empyema.
Furthermore, if the diagnosis is in the early phases of empyema (Light 4) (exudative phase according ATS) and is adequately treated with antibiotic and pleural drainage, it is possible to prevent the further progress, or it is possible to use VATS decortication, as minimally invasive surgical procedure. [7, 11, 13] concLUSion The early detection of the parapneumonic effusion and the adequate treatment will prevent the appearance of empyema. If the empyema is detected it is necessary as early as possible to start the treatment with the minimally invasive pleural drainage. In the earlier stages it is possible to use less invasive decortications, using VATS instead of the open thoracotomy decortications, which is more extensive surgical intervention.
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